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METAL MATRIX WITH CERAMIC 
PARTICLES DISPERSED THEREIN 

FIELD OF THE INVENTION 

This invention relates to compositions and methods of making same in which 
a metal matrix powder or particulates have distributed there through ceramic 
particles or particulates and solid objects made therefrom. The invention makes use 
of the Armstrong Process which is disclosed in U.S. patent nos. 6,409,797; 
5,958,106; 5,779,761 and 6,861,038, ail of the disclosures of which are incorporated 
herein by reference. 

. BACKGROUND OF THE INVENTION 

Metallic matrices having ceramic particles distributed throughout are used in a 
significant number of industries. For instance, tungsten carbide is a very hard 
material and can be incorporated into various metal matrices to provide abrading 
materials, whereas titanium nitride and/or titanium carbides may be incorporated into 
a titanium matrix for use as cylinder liners in aluminum block engines. 

In general, inorganic powder/particle manufacture has traditionally been made 
in a number of ways, comunition of solid metal, precipitation from a salt solution, 
thermal decomposition of a chemical compound, reduction of a compound, 
electrodeposition and the atomization of molten metals. 

In general, atomization is used to produce spherical particles and brittle 
materials such as metal hydrides may be pulverized mechanically in ball mills and 
other known processes. Thermal decomposition of a chemical compound is used 
in some cases, such as nickel carbonyl. Some iron powders are also made this way. 

With the advent of the Amnstrong Process, the making of metal powders has 
been facilitated by the use of a liquid stream of alkali or alkaline earth metal into 
which is introduced a gaseous halide or a combination of halides under reducing 
conditions to make a metal or an alloy thereof, all as disclosed in the previously 
mentioned patents. The Armstrong Process can also be used to make ceramics, 
also set forth in above enumerated patents. Various commercial metals have been 
made with the Armstrong Process, most noticeably commercial pure (CP) titanium 
and 6/4 titanium meeting the ASTM grade 5 qualifications. However, there is a need 
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for compositions of metal or metal powder having ceramic particles or powder 
distributed througiiout. 

SUMMARY OF THE INVENTION 

Accordingly, it is a principal object of the present invention to provide a 
composition of matter comprising a metal matrix having ceramic particles distributed 
therein made by the process of introducing a halide of the metal forming the matrix 
into flowing alkali or alkaline earth metal or mixtures thereof, introducing a source of 
the constituents of the ceramic into flowing alkali or alkaline earth metal or mixtures 
thereof, wherein sufficient excess alkali and/or alkaline earth metal is present to 
maintain the temperature of substantially all of the reaction products below the 
sintering temperature thereof to produce metal matrix particles and ceramic particles 
and salt particles in excess alkali and/or alkaline earth metal, and removing the 
excess alkali and/or alkaline earth metal and the salt particles leaving a mixture of 
metal matrix particles and ceramic particles. 

Another object of the present invention is to provide a composition of matter 
comprising a metal matrix having ceramic particles less than about one micron in 
average diameter distributed therein made by the process of introducing a chloride of 
the metal or metals forming the matrix into flowing alkali or alkaline earth metal or 
mixtures thereof, introducing a source of the constituents of the ceramic into flowing 
alkali or alkaline earth metal or mixtures thereof, wherein sufficient excess alkali 
and/or alkaline earth metal is present to maintain the temperature of substantially all 
of the reaction products below the sintering temperature thereof to produce metal 
matrix particles and ceramic particles and salt particles in excess alkali and/or 
alkaline earth metal, and wherein the boiling points of the chlorides are less than 
about 500°C. and removing the excess alkali and/or alkaline earth metal and the salt 
particles leaving a mixture of metal matrix particles and ceramic particles. 

A final object of the invention is to provide a method of making a composition 
having a metal matrix powder with ceramic particles distributed therein, the method 
comprising establishing a stream of liquid alkali or alkaline earth metal or mixtures 
thereof, introducing halide vapor of the metal matrix and a source of a non-metal 
constituent of the ceramic particles at not less than sonic velocity into the liquid alkali 
or alkaline earth metal stream, the liquid alkali or alkaline earth metal being present 
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in sufficient quantity to maintain substantially all of the reaction products below the 
sintering temperatures thereof. 

The Invention consists of certain novel features and a combination of parts 
hereinafter fully described, illustrated In the accompanying drawings, and particularly 
pointed out in the appended claims, it being understood that various changes in the 
details may be made without departing from the spirit, or sacrificing any of the 
advantages of the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

For the purpose of facilitating an understanding of the invention, there is 
illustrated in the accompanying drawings a preferred embodiment thereof, from an 
inspection of which, when considered in connection with the following description, 
the invention, its construction and operation, and many of its advantages should be 
readily understood and appreciated. 

FIGURE 1 is a process flow diagram showing the continuous process as an 
example titanium metal from titanium tetrachloride and a ceramic particulate mixed 
therewith; and 

FIG. 2 is an example of a typical burner reaction chamber for the process 
disclosed in Figure 1 . 

DETAILED DESCRIPTION OF THE INVENTION 

The process of the invention may be practiced with the use of any alkali or 
alkaline earth metal depending upon the metal or non-metal to be reduced. In some 
cases, combinations of an alkali or alkaline earth metals may be used. Moreover, 
any halide or combinations of halides may be used with the present invention 
although in most circumstances chlorine, being the cheapest and most readily 
available, Is preferred. Of the alkali or alkaline earth metals, by way of example, 
sodium will be chosen not for purposes of limitation but merely purposes of 
illustration, because it is cheapest and preferred, as has chlorine been chosen for 
the same purpose, but magnesium is also commercially available. 

Regarding the non-metals or metals to be reduced, it is possible to reduce a 
single metal such as titanium or tantalum or zirconium, selected from the list set forth 
hereafter. It is also possible to make alloys of a predetemriined composition by 
providing mixed metal halides at the beginning of the process in the required 
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molecular ratio. By way of example, Table 1 sets forth heats of reaction per gram of 
liquid sodium for the reduction of a stoichiometric amount of a vapor of a non-metal 
or metal halldes applicable to the inventive process. 

TABLE 1 



FEEDSTOCK 


HEAT kJ/g 


TICI4 


10 


AICL3 


9 


SiCU 


11 


. SnCIa 


4 


SbCIa 


14 


BeCIa 


10 


Bcl3 


12 


TaClg 


11 


ZrCU 


9 


VCI4 


12 


NbCIs 


12 


MoCU 


14 


GaClg 


11 


UFe 


10 


RePe 


17 



Ceramic particles which are useful in the present invention may have a metal 
constituent selected from one or more of W, B, Bi, Fe, Gd, Ge, Hf, In, Pb, Sn, Zr, and 
these ceramics may be in the form of a nitride, a carbide, a phosphide, a sulfide, a 
boride or mixtures thereof. 

It is best if the vapor introduced into the flowing metal stream has a boiling 
point of not greater than about SOCC, merely for purposes of using less expensive 
materials in the apparatus necessary to practice the invention. Sources of various 
materials useful in the present invention to provide ceramic particles are carbon 
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tetrachloride which has a boiling point of around 76.7X; N2; PCI3 with a boiling point 
of about ye'C; SCI2 with a boiling point of about 60°C; BCI3 with a boiling point of 
about 13°C, where a halide is not useful for whatever reason, the elenfient itself may 
be used in some cases, for instance, phosphorous sublimates at 417''C and sulfur 
boils at 445°C. Of course nitrogen is a gas at room temperature. 

Various metallic components of ceramic parts such as for instance, tungsten 
tetrachloride with a boiling point of about 346°C may be used as well as other 
chlorides, fluorides or bromides, as is well known in the art. The compositions useful 
in the present invention depend on the end use thereof and the matrix may be as low 
as about 5% by weight or as high as 95% by weight, depending on the end use. 

The process will be illustrated, again for purposes of illustration and not for 
limitation, with a single metal titanium being produced from the tetrachloride for the 
matrix material and TIC produced with CCU for the ceramic. 

A summary process flowsheet is shown in FIG. 1. Sodium and titanium 
tetrachloride are combined in a reaction chamber 14 where titanium tetrachloride 
vapor from a source thereof in the form of a boiler 22 is injected within a flowing 
sodium stream from a continuously cycling loop thereof including a sodium pump 11. 
Carbon tetrachloride from a source thereof is pumped by pump 21 A to a boiler 22A 
and there to the line from boiler 22 to the reaction chamber 14. The sodium stream 
is replenished by sodium provided by an electrolytic cell 16. The reduction reaction in 
chamber 14 is highly exothermic, forming molten reaction products of titanium and 
sodium chloride with titanium carbide particles. Since TiC has a melting point in 
excess of 3000°, TiC particles when made are solid, not molten. The molten 
reaction products are quenched in the bulk sodium stream. Particle sizes and 
reaction rates are controlled by metering of the titanium tetrachloride vapor carbon 
tetrachloride flowrates (by controlling the supply pressure), dilution of the titanium 
tetrachloride vapor with an inert gas, such as He or Ar, and the sodium flow 
characteristics and mixing parameters in the reaction chamber which includes a 
nozzle for the titanium tetrachloride mixed with carbon tetrachloride and a 
surrounding conduit for the liquid sodium. The vapor is intimately mixed with the 
liquid in a zone enclosed by the liquid, i.e., a liquid continuum, and the resultant 
temperature, significantly affected by the heat of reaction, is controlled by the 
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quantity of flowing sodium and nnaintained below tlie sintering temperature of the 
produced metal, such as for titanium at about 1000 degree C. The ratio of Ti metal 
to TiC is controlled by flow controllers, not shown, providing adjustment of the gases 
flowing into reaction chamber 14. Preferably, the temperature of the sodium away 
from the location of halide introduction is maintained in the range of from about 200 
degree. C. to about 600 degree C. Products leaving the reaction zone are quenched 
in the surrounding liquid before contact with the walls of the reaction chamber and 
preferably before contact with other product particles. This precludes sintering and 
wall erosion. 

The surrounding sodium stream then carries the titanium and titanium carbide 
and sodium chloride reaction products away from the reaction region. These reaction 
products are removed from the bulk sodium stream by conventional separators 15 
such as cyclones, particulate filters, magnetic separators or vacuum stills, with 
vacuum distillation being preferred. 

Three separate options for separation of the titanium and titanium carbide 
from the sodium chloride exist. The first option removes the titanium/titanium chloride 
and sodium chloride products in separate steps. This is accomplished by maintaining 
the bulk stream temperature such that the titanium/titanium carbide product is solid 
but the sodium chloride is molten through control of the ratio of titanium tetrachloride 
and sodium flowrates to the reaction chamber 14. For this option, the 
titanium/titanium carbide product is removed first, the bulk stream cooled to solidify 
the sodium chloride, then the sodium chloride is removed from separator 12. 

In the second option for reaction product removal, a lower ratio of titanium 
tetrachloride to sodium flowrate would be maintained in the reaction chamber 14 so 
that the bulk sodium temperature would remain below the sodium chloride 
solidification temperature. For this option, titanium/titanium carbide product and 
sodium chloride would be removed simultaneously using conventional separators. 
The sodium chloride and any residual sodium present on the particles would then be 
removed in a water-alcohol wash. 

In the third, and preferred option for product removal, the solid cake of salt, 
Ti/TiC product and Na is vacuum distilled to remove the Na. Thereafter, the Ti/TiC 
product is passivated by passing a gas containing some Oj over the mixture of salt 
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and Ti/TiC product followed by a water wash to remove the salt leaving TI/TIC 
product with surfaces of TiOa, which can be removed by conventional methods, if 
required. 

Foilowing separation, the sodium chloride is then recycled to the electrolytic 
cell 16 to be regenerated. The sodium is returned to the bulk process stream for 
introduction to reaction chamber 14 and the chlorine is used in the ore chlorination 
17. It is important to note that while both electrolysis of sodium chloride and 
subsequent ore chlorination will be performed using technology well known in the art, 
such integration and recycle of the reaction by-product directly into the process is not 
possible with the Kroil or Hunter process because of the batch nature of those 
processes and the production of titanium sponge as an intermediate product. In 
addition, excess process heat is removed in heat exchanger 10 for co-generation of 
power. The integration of these separate processes enabled by the inventive 
chemical manufacturing process has significant benefits with respect to both 
improved economy of operation and substantially reduced environmental impact 
achieved by recycle of both energy and chemical waste streams. 

Chlorine from the electrolytic cell 16 is used to chlorinate titanium ore (utile, 
agnates or ilmenite) in the chlorination 17. In the chlorination stage, the titanium ore 
is blended with coke and chemically converted in the presence of chlorine in a 
fluidized-bed or other suitable kiln chlorination. The titanium dioxide contained in the 
raw material reacts to form titanium tetrachloride, while the oxygen forms carbon 
dioxide with the coke. Iron and other impurity metals present in the ore are also 
converted during chlorination to their corresponding chlorides. The titanium chloride 
is then condensed and purified by means of distillation in column 18. With current 
practice, the purified titanium chloride vapor would be condensed again and sold to 
titanium manufacturers; however, in this integrated process, the titanium 
tetrachloride vapor stream is used directly in the manufacturing process via a feed 
pump 21 and boiler 22. 

After providing process heat for the distillation step in heat exchangers 19 and 
20, the temperature of the bulk process stream is adjusted to the desired 
temperature for the reaction chamber 14 at heat exchanger 10, and then combined 
with the regenerated sodium recycle stream, and injected into the reaction chamber. 
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The recovered heat from heat exchangers 19 and 20 may be used to vaporize liquid 
haiides from the sources thereof to produce haiide vapor to react with the metal or 
the non-metal. It should be understood that various pumps, filters, traps, monitors 
and the like will be added as needed by those skilled in the art. 

(n all aspects, for the process of FIG. 1 , it is important that the titanium that is 
removed from the separator 15 be at or below the sintering temperature of titanium 
in order to preclude and prevent the solidification of the titanium on the surfaces of 
the equipment and the agglomeration of titanium particles into large masses, which 
is one of the fundamental difficulties with the commercial processes used presently. 
By maintaining the temperature of the titanium metal below the sintering temperature • 
of titanium metal, the titanium will not attach to the walls of the equipment or itself as 
it occurs with prior art and, therefore, the physical removal of the same will be 
obviated. This is an important aspect of this invention and is obtained by the use of 
sufficient sodium metal or diluent gas or both to control the temperature of the 
elemental (or alloy) and ceramic product. In other aspects, FIG. 1, is illustrative of 
the types of design parameters which may be used to produce titanium 
particles/titanium carbide particles in a continuous process which avoids the 
problems with the prior art, and produces a more unifomi distribution of ceramic 
particles. 

Referring now to FIG. 2, there is disclosed a typical reaction chamber in which 
a choke flow or injection nozzle 23, completely submerged in a flowing liquid metal 
stream, introduces the haiide vapors from boilers 22 and 22A in a controlled manner 
into the liquid metal reductant stream 13. The reaction process is controlled through 
the use of a choke-flow (sonic or critical flow) nozzle. A choke-flow nozzle is a vapor 
injection nozzle that achieves sonic velocity of the vapor at the nozzle throat. That is 
the velocity of the vapor is equal to the speed of sound in the vapor medium at the 
prevailing temperature and pressure of the vapor at the nozzle throat. When sonic 
conditions are achieved, any change in downstream conditions that causes a 
pressure change cannot propagate upstream to affect the discharge. The 
downstream pressure may then be reduced indefinitely without increasing or 
decreasing the discharge. Under choke flow conditions only the upstream conditions 
need to be controlled to control the flow-rate. The minimum upstream pressure 
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required for choke flow is proportioned to tiie downstream pressure and termed the 
critical pressure ratio. This ratio may be calculated by standard methods. 

The choke flow nozzle serves two purposes: (1) it isolates the vapor generator 
from the liquid metal system, precluding the possibility of liquid metal backing up in 
the halide feed system and causing potentially dangerous contact with the liquid 
halide feedstock, and (2) it delivers the vapor at a fixed rate, independent of 
temperature and pressure fluctuations in the reaction zone, allowing easy and 
absolute control of the reaction kinetics. 

The liquid metal stream also has multiple functional uses: (1) it rapidly chills 
the reaction products, fomning product powder without sintering, (2) it transports the 
chilled reaction products to a separator, (3) it serves as a heat transfer medium 
allowing useful recovery of the considerable reaction heat, and (4) it feeds one of the 
reactants to the reaction zone. 

For instance in FIG. 2, the sodium 13 entering the reaction chamber may be 
at 200.degree. C. having a flow rate of 38.4 kilograms per minute. The titanium 
tetrachloride from the boiler 22 may be at 2 atmospheres and at a temperature of 
164.degree. C, the flow rate through the line may be 1.1 kg/min. Higher pressures 
may be used, but it is important that back flow be prevented, so the minimum 
pressure should be above that determined by the critical pressure ratio for sonic 
conditions, or about two times the absolute pressure of the sodium stream (two 
atmospheres if the sodium is at atmospheric pressure) is preferred to ensure that 
flow through the reaction chamber nozzle is critical or choked. 

The subject process may also be used to provide a mixed powder of alloy and 
ceramic particles and to that end, the Armstrong Process has been used to make a 
6/4 titanium alloy with ASTM definitions, that is 6% aluminum, 4% vanadium, the 
balance titanium and this alloy may also be produced by the Armstrong Process and 
have ceramic particles incorporated therein according to the present invention. 

As has been stated before, the equipment used to produce the 6/4 alloy is 
substantially as disclosed in the aforementioned patents disclosing the Armstrong 
Process with the exception that instead of only having a titanium tetrachloride boiler 
22 as illustrated in those patents, there is also a vanadium tetrachloride boiler and an 
aluminum trichloride boiler which are connected to the reaction chamber by suitable 
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valves. The piping acts as a manifold so that the gases are completely mixed as 
they enter the reaction chamber and are introduced subsurface to the flowing liquid 
sodium. It was determined during production of the 6/4 alloy that aluminum 
trichloride is corrosive and required special materials not required for handling either 
titanium tetrachloride or vanadium tetrachloride. Therefore, Hastelloy C-276 was 
used for the aluminum trichloride boiler and the piping to the reaction chamber. 

During most of the runs the steady state temperature of the reactor was 
maintained at about 400°C by the use of sufficient excess sodium. Other operating 
conditions for the production of the alloy were as follows: 

A device similar to that described in the incorporated Armstrong patents was 
used except that a VCI^ boiler and ALCI3 boiler were provided and both gases were 
fed into the line feeding TiC^ into the liquid Na. The boiler pressures and system 
parameters are listed hereafter. 
Experimental Procedure: 

TiCl4 Boiler Pressure = 500 kPa 

VCI4 Boiler Pressure = 630 kPa 

ALCI3 Boiler Pressure = 830 kPa 

Inlet Na temperature = 240''C 

Reactor Outlet Temperature = 510 C 

Na Flowrate = 40 kg/min 

TiCI^ Flowrate = 2.6 kg/min 
For this specific experiment, a 7/32" nozzle was used in the reactor to meter 
the mix of metal chloride vapors. A .040" nozzle was used to meter the AICI3 and a 
.035" nozzle was used to meter the VCl4 into the TiC^ stream. The reactor was 
operated for approximately 250 seconds injecting approximately 11 kg of TiCl4. The 
salt and titanium alloy solids were captured on a wedge wire filter and free sodium 
metal was drained away. The product cake containing titanium alloy, sodium 
chloride and sodium was distilled at approximately 100 milli - torr at 550 to 575°C 
vessel wall temperatures for 20 hours. Once all the sodium metal was removed via 
distillation, the trap was re-pressurized with argon gas and heated to 750''C and held 
at temperature for 48 hours. The vessel containing the salt and titanium alloy cake 
was cooled and the cake was passivated with a 0.7 wt % oxygen/argon mixture. 
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After passivation, the cake was washed with deionized water and subsequently dried 
in a vacuum oven at less than 100°C. 

For instance, titanium carbide may be incorporated into a 6/4 alloy simply by 
including in the gas injected into the flowing sodium, a specified amount of carbon 
tetrachloride from boiler 22A, whereas a boride may be used by injecting into the 
flowing sodium, a specified amount of boron trichloride. Other ceramic particles may 
be produced from feed stocks as before described As is seen, therefore, a wide 
variety of ceramic particles may be distributed in a metal matrix by using the 
Armstrong Process. Preferably, but not necessarily, the metal matrix incorporates at 
least one metal of the ceramic particle, but the invention is not so limited. The 
thermodynamics of the various reactions will determine what ceramic particles can 
be introduced into what matrix particles, but in general, the preferred ceramics are 
nitrides, phosphide, sulfides and carbides. Oxides are not preferred with titanium as 
the oxide would react with the titanium 

After the powder is made, a wide variety of processes may be used to make 
solid articles therefrom and these processes are widely known and commonly used 
in the powder metallurgy art and include casting, press and sinter and well as many 
others including arc melting and the like. 

While the invention has been particularly shown and described with reference 
to a preferred embodiment hereof, it will be understood by those skilled in the art that 
several changes in form and detail may be made without departing from the spirit 
and scope of the invention. 



1 
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WHAT IS CLAIMED IS: 

1 . A composition of matter comprising a metal matrix liaving ceramic 
particles distributed therein made by the process of introducing a halide of the metal 
forming the matrix into flowing alkali or alkaline earth metal or mixtures thereof, 
introducing a source of the constituents of the ceramic into flowing alkali or alkaline 
earth metal or mixtures thereof, wherein sufficient excess alkali and/or alkaline earth 
metal is present to maintain the temperature of substantially ail of the reaction 
products below the sintering temperature thereof to produce metal matrix particles 
and ceramic particles and salt particles in excess alkali and/or alkaline earth metal, 
and removing the excess alkali and/or alkaline earth metal and the salt particles 
leaving a mixture of metal matrix particles and ceramic particles. 

2. The composition of matter of claim 1 , wherein the boiling point of the 
halides is less than about 500°C. 

3. The composition of matter of claim 1 , wherein said metal matrix is one 
or more of Ti, Al, Sb. Be, B, Ta. V. Nb, Mo, Ga, U, Re, Zr, Si, and alloys thereof. 

4. The composition of matter of claim 1 , wherein said ceramic particles 
have a metal constituent selected from W, B, Bi, Cr, Fe, Gd, Ge, Hf, In, Pb, Sn, Zr, 
and mixtures or alloys thereof. 

5. The composition of matter of claim 1 , wherein said ceramic is a nitride, 
a carbide, a phosphide, a sulfide, a boride or mixtures thereof. 

6. The composition of matter of claim 1, wherein said halide is a chloride. 

7. The composition of matter of claim 1 , wherein said metal matrix is Ti or 
an alloy thereof. 

8. The composition of matter of claim 7, wherein said metal matrix is an 
aluminum and vanadium alloy of titanium. 

9. The composition of matter of claim 1 , wherein said halide is introduced 
into said flowing metal at greater than sonic velocity. 

1 0- The composition of matter of claim 1 , wherein said flowing metal is Na 

orMg. 

11. A solid article made from the composition of matter of claim 1 . 

12. A composition of matter comprising a metal matrix having ceramic 
particles less than about one micron In average diameter distributed therein made by 
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the process of introducing a cfiloride of tlie metal or metals forming the matrix into 
flowing alkali or alkaline earth metal or mixtures thereof, introducing a source of the 
constituents of the ceramic into flowing alkali or alkaline earth metal or mixtures 
thereof, wherein sufficient excess alkali and/or alkaline earth metal is present to 
maintain the temperature of substantially all of the reaction products below the 
sintering temperature thereof to produce metal matrix particles and ceramic particles 
and salt particles in excess alkali and/or alkaline earth metal, and wherein the boiling 
points of the chlorides are less than about SOO-C, and removing the excess alkali 
and/or alkaline earth metal and the salt particles leaving a mixture of metal matrix 
particles and ceramic particles. 

1 3. The composition of matter of claim 1 2, wherein said metal matrix is one 
or more of Ti. Al. Sb, Be, B, Ta, V, Nb, Mo, Ga, U. Re, Zr, Si, and alloys thereof. 

14. The composition of matter of claim 1 3, wherein said ceramic is a 
nitride, a carbide, a phosphide, a sulfide, a boride or mixtures thereof. 

15. The composition of matter of claim 14, wherein said ceramic particles 
have a metal constituent selected from W. B, Bi, Cr, Fe, Gd, Ge, Hf, In, Pb, Pt, Sn, 
Zr, and mixtures or alloys thereof. 

16. The composition of matter of claim 1 5, wherein said metal matrix is Ti 
or an alloy thereof. 

1 7. The composition of matter of claim 1 6, wherein said ceramic particles 
include a carbide and/or a nitride. 

18. The composition of matter of claim 1 6, wherein said ceramic particles 
include a boride. 

1 9. The composition of matter of claim 1 2. wherein the metal constituent of 
the ceramic is the same as said metal matrix. 

20. A solid article made from the composition of matter of claim 12. 

21. A method of making a composition having a metal matrix powder with 
ceramic particles distributed therein, said method comprising establishing a stream 
of liquid alkali or alkaline earth metal or mixtures thereof, introducing halide vapor of 
the metal matrix and a source of a non-metal constituent of the ceramic particles at 
not less than sonic velocity into the liquid alkali or alkaline earth metal stream, the 
liquid alkali or alkaline earth metal being present in sufficient quantity to maintain 
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substantially all of the reaction products below the sintering tennperatures thereof. 

22. The method of claim 21 , and further comprising forming the 
composition of powder into a solid article. 
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